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ABSTRACT 


Thia  report  daacriboa  the  deelgn  and  uae  of  a  pina-on-diac  wear  and 
friction  teatlng  machine  which  haa  been  conetructed  for  uae  by  the  Wear 
Technology  Group.  The  teater  la  capable  of  aeaeaaing  eliding  wear  at  apeeds 
up  to  4  m/eec  and  loada  up  to  40  V.  During  a  wear  run  the  friction  and 
contact  realatance  are  conatantly  monitored  giving  a  clear  picture  of  the 
condition  of  the  aurfacea. 
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averaging  capacitor  used  in  resistance 


dl*d0  Diaswter  of  track  traversed  by  pins 

U3. is  mm  Disaster  o f  the  inner  track  on  disc 

143. is  m  Dlaaeter  of  tho  outer  track  on  disc 

o-soo  RPti  Rotational  speed  in  rev/aln  at  which 

pins  are  driven 

Current  in  circuit  of  resistance  device 

combined  loed  applied  to  system  of  two 
pins 

Calibration  weight  used  to  calibrate 
friction  values 

Charge  on  averaging  capacitor 

Contact  resistance  between  pins  and  disc 

Distance  of  point  of  application  of 
calibration  force  from  plate  centre. 

1 OS-i is  mm  Distance  of  strain  gauge  from  plate 

centre 

0-1**'*  Reading  on  digital  friction  display 

during  operation 

**•*  Reading  on  digital  friction  display  when 

no  force  on  load  cell 

*-l**-*  Reading  on  digital  friction  display  when 

light  contect  on  load  coll 

o-iss.s  Reading  on  digital  friction  display  when 

cellbratlon  load  applied 

0-4  m/s  Sliding  speed  of  pins  on  disc 

voltage  applied  acroes  pins  and  disc 
a,ea<,'“V/,'d<uc"V  *  coefficient  of  sliding  friction 


o-i  u 
1-4  kg 

1  kg 

cv<t> 
o-io  k« 

9*  mm 


i.  Hafflgsma 


A  wear  and  friction  to a tar,  known  as  tha  MUTTER,  haa  bean  designed 
and  built  within  tha  Wear  Technology  Group.  This  machine  allows  tha  sliding 
waar  rata  of  two  metallic  pins  run  agalnat  a  wear  plate  to  be  assessed  under  a 
variety  of  conditions. 


Tha  design  incorporates  several  novel  features  (figure  1>.  It  can 
assess  the  sliding  wear  under  lubricated  or  unlubricated  conditions,  to 
minimise  the  extent  of  lubricant  starvation  from  centrifugal  forces,  it  was 
decided  that  the  pins  would  be  driven  around  the  plate  ratner  than  the 
conventional  gramophone  style  arrangement  of  spinning  tho  plats  under  a  pin. 
For  stability  two  pins,  rather  than  one  pin,  are  driven  around  the  base 
plate.  The  two  pins  are  regarded  as  a  single  wear  body  and  are  symmetrically 
positioned  either  side  of  the  drive  shaft.  This  ensures  that  the  machine  can 
operate  up  to  very  high  leads  (40  ar>  and  speeds  (s  m/sec).  Thus  the  important 
transition  from  said  to  severe  wear  In  steels  can  be  extensively  studied. 


The  literature  contains  many  dlfforont  types  of  wear  testing  rig, 
pln-on-dlsc,  crossed  cylinder,  pln-on-fiat,  fiat-on-flat,  dlsc-on-dlsc  etc. 
Each  represents  a  different  wear  situation,  in  Interpreting  the  results  of 
pln-on-dlsc  machines  it  is  important  to  realise  that  although  the  wear  surface 
of  a  pin  is  In  continual  contact  with  the  plate,  each  part  of  the  wear 
surface  of  tho  plate  is  only  In  interauttent  contact  with  a  pin.  Thus  a  pin 
will  run  hotter  than  the  plate  particularly  when  there  is  a  high  contact 
resistance. 


The  purpose  of  this  report  is  to  describe  the  design  features  and 
principles  of  the  WAFTER  and  Its  operating  procedure. 


2.  DESCRIPTION 


Two  identical  wo ar  pins  ( figure  2>  are  hold  in  an  aaaoaibiy  which  is 
froo  to  novo  vertically  only.  Tho  weight  of  this  assembly  (currently  1.223 
kg)  and  applied  weights,  which  ait  on  the  cross  connecting  bar,  bear  down  on 
the  two  wear  pins.  The  pins  present  a  combined  apparent  contact  area  of  .633 
cat2  with  the  wear  plate  (figure  3)  which  is  held  firstly  in  the  lubricant  tray 
by  four  screws.  This  tray  IS  suspended  in  a  near  frictionless  manner  by  three 
equispaced  piano  wires.  The  tray  is  prevented  from  moving  in  a  translational 
manner,  in  the  horisontal  plane,  by  three  equispaced  roller  bearings  which 
leave  the  tray  free  to  rotate.  The  assembly  containing  the  pins  is  spun 
around  at  rotational  Speeds  up  to  SOO  RPM  recorded  by  a  tachometer.  To 
provide  some  isolation  from  motor  vibration  this  assembly  is  belt  driven.  The 
equal  and  opposite  sliding  frictional  forces  on  pins  and  plate  are  monitored 
by  a  strain  gauge  which  prevents  the  tray  from  rotating.  A  pulley  cable  can 
be  attached  to  the  tray  to  enable  the  strain  gauge  to  be  calibrated.  The  pins 
can  be  inserted  in  one  of  two  positions  which  correspond  to  their  executing 
tracks  around  the  disk  of  diameters  112. is  or  143. is  nm.  Thus  in  the  outer 
track  the  sliding  speed  is 

v  -  44*. 7  x  f  mm/ml n 

and  m  the  inner  track  the  sliding  speed  is 

v  -  3S2.3  x  f  mm/ min 
where  f  is  the  rotational  speed  in  RPM. 


The  pins  are  designed  with  a  shoulder  so  that  they  sit  firmly  within 
their  holders,  yet  are  easily  removed  even  when  there  is  significant  plastic 
flow  to  the  wear  surface. 


3.  IET-PP  PROCEDURE 
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Sefore  an  experimental  wear  test  can  be  performed  the  apparatus  must 
be  prepared  in  a  careful  and  consistent  manner.  This  preparation  may  Include 
alignment  of  the  base  plate,  insertion  of  the  wear  pins,  calibration  of  the 
monitors. 


a.l  Alignment  of  wear  plate 


Whenever  a  wear  plate  is  replaced  or  reinserted  in  the  lubricant 
tray  it  should  be  aligned,  as  closely  as  possible,  parallel  to  the  horizontal 
plane  defined  by  the  rotation  of  the  cross  connecting  bar.  This  is  achieved 
by  the  following  procedure: 


The  belts  holding  the  three  roller  bearings,  which  constrain  the 
tray,  and  the  atraln  gauge  are  loosened  and  these  items  are  moved 
out  of  contact  with  the  tray. 


2.  A  aicMMUi  ttutt  la  attaehad  to  the  front  fscs  of  tha  croaa 

connacting  bar  on  tha  aid#  of  tha  ana  stamped  with  unloaded  weight 
of  thia  assembly.  Tha  gauge  la  aat  to  measure  tha  height  of  the  arm 
•  above  tha  wear  plate. 

3 •  Tha  three  ateel  auapanalon  wire*  are  adjuated  at  their  top  aupports 
.  ao  that  tha  micrometer  gauge  reada  the  same  value  (to  within  .001 

inch  or  25.4  »m)  at  the  three  loeatlona  on  the  plate  m  line  with 
the  suspension  wirea. 

4.  Tha  roller  bearlnga  are  moved  ao  aa  to  be  touching  the  tray  and 

firmly  secured  uaing  tha  acrewa  below  the  table  top.  Check  that  tha 
tray  cannot  move  tranalatlonally  by  even  a  email  amount. 

3.2  insertion  a f  Mu  Pina 


znaertion  of  tha  waar  pine  in  the  apparatua  la  a  simple  operation, 
however,  there  are  certain  ancillary  eonalderationa. 

1.  The  wear  pins  ahould  be  waahed,  dried  and  individually  weighed  (at 
room  temperature)  to  at  laaat  .05  mg  accuracy. 

2.  The  wear  plna  may  then  be  lnaerted  in  either  the  inner  or  outer 
holea  of  the  pin  holdera.  Both  plna  must  be  in  corresponding 
holea.  The  pin  design  la  such  that  identification  numbers  should  be 
clearly  visible  on  the  lnaerted  pins,  ly  convention  tha  pin  with 
the  larger  Identification  number  la  placed  under  the  arm  of  the 
croaa  connecting  bar  which  bears  tha  weight  stamp.  The  occurrence  of 
pins  on  one  side  systematically  wearing  more  than  pins  on  the  other 
would  indicate  damage  to  the  pin  holding  assembly  frame. 

3.  The  pin  la  clamped  in  place  by  tightening  the  nut.  Vote  that  the 
counterbalance  head  ahould  be  positioned  directly  opposite  to  the 
pin  so  that  it  remains  securely  fixed  in  position. 

4.  The  mercury  electrical  contact  on  the  central  shaft  should  be 
checked  to  ensure  that  the  wire  is  well  inner sed  m  the  mercury. 

The  wire  can  be  adjusted  or  mercury  topped  up. 


3.3  Calibration  for  friction  aaaranmsnts 


Prior  to  every  wear  test  run,  the  readings  on  the  strain  gauge 
digital  display  must  be  recalibrated.  This  procedure  will  also  enable  the 
chart  recorder  to  be  calibrated. 


A  reading,  uA,  on  the  digital  display  is  taken  with  the  strain  gauge 
free  of  the  lubricant  troy. 

The  strain  gauge  la  firmly  bolted  in  position  so  as  to  be  lightly 
touching  the  lubricant  tray  and  preventing'  its  motion.  A  reading, 
u.,  on  tha  display  (and  chart  recorder)  la  taken.  This  reading  must 
differ  from  uA  by  less  than  >  units. 
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'i,  - 


The  calibration  might,  »  ,  is  iuipmmM  from  a  pullay  and  a  reading 
uc  on  digital  dlaplay  (and  chart  recorder)  la  taken.  Kota  that  the 
calibration  weight  should  be  gently  lowered,  dropping  it  nay  damage 
the  strain  gauge. 

The  calibration  weight  la  removed  and  the  reading  uB  la  retaken,  if 
th«  values  of  uB  differ  by  more  than  S  units, 

(a)  apply  a  little  oil  to  the  roller  bearings  constraining  the 
tray, 

<b)  check  that  the  roller  bearings  are  pressing  evenly  on  the  tray 
and  are  free  to  move, 

<c)  repeat  the  calibration  procedure  from  the  start. 


i 


3.4  calibration  for  resistance  measurements 


j  Ko  calibration  is  reguired  for  the  direct  meter  reading  of  the 

{  average  resistance,  the  average  resistance  is  the  value  shown  on  the  digital 

i  display  multiplied  by  the  multiplication  factor  shown  on  the  ammeter, 

j  However,  the  chart  recorder  should  display  a  calibration  standard  in 

association  with  each  run  by  using  the  calibration  signals  from  the  average 
resistance  meter  (ARM).  A  description  of  the  ARM  is  given  in  Appendix  2.  The 
chart  calibration  is  performed  in  the  following  manner: 


1.  First  choose  the  driving  current  (multiplication  factor)  which  win 
be  used  In  the  wear  tests.  The  ARM  should  then  be  adjusted  to 
supply  this  current.  The  normal  operational  current  value  iaV2mA 
(multiplication  factor  4).  use  a  lower  current  value  if  the 
resistance  could  exceed  •  k«. 

2.  Set  the  output  switch  on  the  ARM  to  the  calibration  setting  o  a  and 
obtain  a  trace  on  the  chart  recorder,  and  identify  this  trace. 


3.  Then  set  the  switch  to  either  !  kl  or  u  kl,  depending  on  the 
magnitude  of  the  contact  resistance  expected  (the  1  ka  scale  would 
be  the  natural  choice  at  low  speeds  and  at  speeds  above  the  mild  to 
severe  wear  transition).  Again  take  and  identify  the  trace  of  this 
signal. 

4.  If  desirable,  adjustments  can  be  made  to  the  chart  recorder  so  that 
these  signals  coincide  with  chart  markings.  The  output  switch 
should  then  be  returned  to  the  load  setting. 


The  set-up  procedure  should  be  carried  out  aa  described  in  saction 
3.  vetei  Should  be  taken  to  record  the  pin  identification  n unbar a,  friction 
calibration  readings,  initial  weights  of  pint,  traeka  tna  pina  win  aiida  in 
•tc.  A  wear  testreport  ton  (flguro  «)  can  bo  naod  for  thla  purpoao.  other 
aiasufemsAis  aedh  aa  taliaurf  tracoa  ahould  alao  bo  performed.  The  applied 
load  (which  may  be  sere)  la  fitted  on  the  cross  connecting  bar,  in  two  equal 
amounts  above  each  pin.  The  power  is  then  applied  to  the  o.is  kw  drive  motor 
and  the  variable  clutch  drive  Is  adjusted  to  give  the  required  rotational 
apeed  which  Is  monitored  on  the  tachometer.  A  digital  time  awltch  can  be  aet 
to  automatically  atop  the  experiment  at  a  given  time.  A  typical  run  time  for 
hard  steel  surfaces  would  be  seven  hours. 

During  operation  both  the  friction  and  averaged  contact  resistance 
between  pins  and  plate  are  continuously  displayed  and  a  permanent  record  can 
be  kept  on  the  chart  recorder,  slow  variations  in  the  frictional  force 
indicate  how  the  surfaces  are  changing  (’wearing  in*)  during  the  experiment. 
After  the  run  the  pins  were  rewelghSd  and  the  pins,  plate  and  debris  can  be 
further  studied.  Althougn  only  the  combined  weight  loss  of  the  pins  la 
considered,  both  pins  should  lose  a  similar  weight. 

A  wear  teat  should  include  many  wear  runs.  The  easiest  way  to 
ensure  that  the  surfaces  are  “run-in”  is  to  perform  a  sequence  of  wear  runs  at 
the  same  load  but  steadily  increasing  the  rotational  speed  by  10  rpm  each 
time. 

4.3  ASM  Operation 

The  ARM  has  three  modes  of  operation  1)  calibration  2)  monitoring 
without  averaging  and  3)  monitoring  with  averaging.  The  calibration  mode  is 
used  to  sand  reference  signals  to  the  chart  record  as  described  in  section 
3.  when  monitoring  without  averaging  is  selected,  the  fluctuating  voltage 
signal  which  represents  the  true  instantaneous  resistance  is  displayed  on  a 
cathode  ray  oscilloscope.  This  mode  shows  the  bridging  and  breaking  of 
asperities  but  gives  no  quantitative  description  of  the  state  of  the  surfaces 
or  mode  of  wear.  Monitoring  with  averaging  gives  a  direct  measure  of  mstai- 
to-metal  contact.  This  contact  is  impeded  by  oxide  build  up  on  the  surfaces, 
oxide  debris  In  the  wear  track  and  work  hardening.  Dramatic  changes  in  the 
resistance  value  are  a  clear  signal  of  a  change  in  wear  mode. 


The  function  of  the  controls  and  meters  on  the  ARM  is  shown  in 
figure  s.  This  figure  describes  hew  to  sec  each  of  the  switches  for  the 
required  mode  of  operation  and  no  additional  information  is  required. 


this  report  ha*  described  design  features  and  cna  operation  o: 
pins-on-dlsc  wear  and  friction  testing  machine  mown  as  the  matter,  ih 
aaehlne  has  been  operated  at  loads  up  to  40  kg  and  speeds  up  to  4  m/sec 
the  wear  characteristics  of  wear  resistant  coatings  or  Materials  can  be 
studied.  The  Monitoring  of  resistance  and  friction  gives  a  real-time 
indication  of  the  state  of  the  surfaces  and  their  wear  behaviour. 


I  would  lire  to  groatfully  acknowledge  the  contributions  m 
I.  Downes  and  G.  Zouev  to  the  design  and  construction  of  this  device 


rigidly  connected  and  driven  around  the 


FIGURE  2  Specifications  for  making  wear  pins  for  the  WAFTER. 
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FIGURE  5  Average  realatance  meter 


Average  resistance  meter  circuit  dlagraai. 


A  measure  of  the  frictional  forcaa  on  pins  and  plata  it  given  by  the 
roaponso  of  a  mb- 5  minibeam  load  call,  This  gauge  la  dealgned  to  operate  in 
the  temperature  regime  -U-C  to  «‘C.  It  will  give  a  linear  responee  up  to  an 
applied  force  on  the  gauge  of  22.2  V  and  will  undergo  lrrepalrable  damage 
above  33.3  V.  The  gauge  therefore  raaalna  in  the  linear  range,  provided  the 
coefficient  of  friction,  *,  aatiaflee 


where  <  la  the  total  load  on  the  plna  in  kg,  t  la  the  separation  of  the  load 
cell  from  the  centre  of  the  wear  plate  and  d  la  the  diameter  of  the  wearing 
track,  conaervativeiy  thia  lmpliee 


a  <  3/«<kg) 


The  functioning  of  the  force  meaaurlng  circuitry  la  ahown  in  figure 
c.  The  atraln  gauge  la  a  Wheatatone  bridge,  two  elementa  of  which  are 
aubjected  to  atraln  and  vary  In  realatance.  The  monitor  la  eaaentlaily  a 
voltmeter  but  with  a  zero  adjust  and  an  amplification  capacity.  Readinga  are 
aenaitive  to  interference  through  the  power  aupply  from  other  equipment 
(particularly  power  auppliea  driving  unateady  glow  diachargee) . 

The  atraln  gauge  reglatera  the  reatrainlng  force  on  the  tray, 
since,  were  It  not  for  the  etraln  gauge  the  tray  would  be  free  to  rotate  but 
not  translate,  the  calibration  load,  «  ,  must  provide  a  couple  1  a.  Bare  a 
Is  the  distance  to  the  plate  centre  ofcthe  applied  calibration  force  on  the 
tray.  Thus  within  the  linear  reaponse  regime,  a  display  reading,  u, 
corresponds  to  a  coefficient  of  sliding  friction 


2  is  u  -  u. 


'  d  *0  "  "b 
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Tho  mngi  real stance  Mtir  la  a  stand  alena  device  that  could  bo 
uaad  independently  of  tha  KXfTEX.  Therefore  datallad  information  on  this 
device  la  providad  here.  tha  rola  of  tha  switches  and  diaplaya  la  axpialnad 
in  figure  s  and  a  circuit  diagram  la  praaanead  la  figure  7.  However,  for  an 
explanation  of  how  tha  device  work*,  refer  to  figure  a. 


Tha  linear  firat  order  differential  aquation  daacriblng  the 
variation  of  the  potential,  v(t),  acroaa  the  pina/diae  junction  la 


v<t> 


c  h(t) 


1 

c 


where  1  la  the  aupplied  d.e.  currant,  C  la  the  average  capacitor  and  R(t)  the 
junction  reaiatance.  Thia  haa  aolution 

v(t>  -  c*  exp(-p(t))  ♦  g  **P  lpft*>  -  p(t)> 

whore  c*  la  a  conatant  of  integration  (determined  by  atartlng  condition*)  and 

p(t>  m  c  /o dt'  srhr 

For  large  tlmoa  t  »  c  <~>_*  we  make  the  approximation 
p(t)  =  |  <*>  t 


where  bracket*  <  >  denote  an  average.  Thu*  we  obtain 


v(t)  =  l  <£>"* 

i.e.  the  voltage  la  proportional  to  the  reciprocal  of  the  average  conductance. 


wear  teat* 
Friction  Mata 
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TMa  report  daacribea  CM  dealgn  and  uaa  of  a  pina-on -dlac  mar  and 
friction  tooting  mchlna  which  haa  boon  conatruetad  for  uaa  by  tha  Wear 
Technology  droop-  TM  taatar  la  capable  of  aaoaaaing  eliding  mar  at  apeeda 
up  to  4  n/eec  and  loatfa  up  to  40  *.  During  a  waar  run  the  friction  and 
contact  roalatanco  arc  eonatantiy  nonitored  giving  a  clear  picture  of  the 
condition  of  tna  aurfacaa. 


nn  auaameanoa  or  tata  rata 
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